We assessed changes in HIV prevalence and risk behaviours among young key populations in Nepal. A total of 7505 participants (aged 16-24 years) from key populations who were at increased risk of HIV infection (2767 people who inject drugs (PWID); 852 men who have sex with men/transgender (MSM/TG); 2851 female sex workers (FSW) and 1035 male labour migrants) were recruited randomly over a 12-year period, 2001-2012. Local epidemic zones of Nepal (Kathmandu valley, Pokhara valley, Terai Highway and West to Far West hills) were analysed separately. We found a very strong and consistent decline in HIV prevalence over the past decade in different epidemic zones among PWID and MSM/TG in Kathmandu, the capital city, most likely due to a parallel increase in safe needle and syringe use and increased condom use. A decrease in HIV prevalence in 22 Terai highway districts, sharing an open border with India, was also consistent with increased condom use among FSW. Among male labour migrants, HIV prevalence was low throughout the period in the West to Far West hilly regions. Condom use by migrant workers involved with FSW abroad increased while their condom use with Nepalese FSW declined. Other risk determinants such as mean age at starting first injection, injection frequency, place of commercial sex solicitation, their mean age when leaving to work abroad did not change consistently across epidemic zones among the young key populations under study. In Nepal, the decline in HIV prevalence over the past decade was remarkably significant and consistent with an increase in condom use and safer use of clean needles and syringes. However, diverging trends in risk behaviours across local epidemic zones of Nepal suggest a varying degree of implementation of national HIV prevention policies. This calls for continued preventive efforts as well as surveillance to sustain the observed downward trend.
Introduction
Young people between 15 and 24 years are at higher risk of HIV infection than any other age group in society since they are more sexually active, more likely to have multiple partners and to use condoms inconsistently and more likely to experiment with illicit drugs. 1 who inject drugs (PWID), young men who have sex with men (MSM)/transgender (TG), young female sex workers (FSW) and young male labour migrants. [2] [3] [4] Studies conducted in concentrated epidemics also show that many PWID, MSM/TG and FSW were infected with HIV at a young age. 3, 4 Moreover, young key populations in many Asian countries, including Nepal, frequently suffer from discrimination and marginalization, and their behaviours are often illegal, which further increases their already high vulnerability to HIV infection. 1, 5, 6 In countries with generalized HIV epidemics, significant achievements have been made in reducing and stabilizing the HIV prevalence, which among young people is a good indicator of HIV incidence. 7 However, in-depth analyses suggest that these attainments are uneven and too slow in countries with concentrated epidemics 8, 9 and there are limited data on HIV trends and risk behaviours among young key populations across in Asia and the Pacific region, Nepal being no exception. 3 Crude observed regional or national trends can mask unmet needs of different subpopulations. 8 In 2013, UNAIDS proposed to move from the strategy 'know your country's epidemic' to 'know your local epidemics' emphasizing the need to address specific issues within local epidemics to improve the HIV response. The 2014 World Health Organization (WHO) report from the Inter-agency Working Group on four Young Key Populations (MSM, TG, FSW and PWID) also highlighted the urgency to address the lack of global data on the number of young key populations and the levels of HIV risk and protective behaviours in these groups. 10 In Nepal -which shares long borders with China in the north and with India in the south, east and westone-fifth of the population are between 15 to 24 years of age 11 and HIV infections are concentrated among key populations. In 2012, the prevalence of HIV among PWID, MSM/TG, FSW and male labour migrants was 6%, 4%, 2% and 1.3%, respectively. 12 To make programmatic planning and preventive interventions more targeted, local HIV epidemic zones have been defined in Nepal based on the size and distribution of key population at risk, mobility links and HIVrelated risk behaviours. Nepal was also the first South Asian country to implement needle exchange programs among PWID already from the inception of the HIV epidemic in 1991. 13, 14 Moreover, Nepal adopted a country coordination mechanism -a team of government, civil society, external development partners and non-governmental organizations -for managing grants from the Global Fund to Fight AIDS, Tuberculosis and Malaria, and a sector-wide approach for pooled funding in health since 2004. 15 In addition, several judicial interventions for MSM/TG rights have been implemented in Nepal, aiming to end discrimination of MSM/TG and lesbians to ensure equal rights within Nepal.
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HIV incidence, i.e. the rate of recent HIV infections, is the best estimate for understanding the epidemic dynamics and the impact of interventions, whereas the prevalence data may not provide information where new infections are occurring. There are several different methods available to estimate HIV incidence, 17 but few are viable options in Nepal today. The trends in HIV prevalence among people who recently have engaged in risk behaviours associated with HIV infection can be used as a most plausible proxy to estimate trends in HIV incidence. 7, 17 The HIV prevalence among young people aged 15-24 years is assumed to be a good estimate of recent HIV infections, because the onset of HIV risk behaviours is recent and their HIV-related mortality is low. 7 Thus, estimating the HIV prevalence among young key populations may contribute to the understanding the HIV epidemiology and the impact of preventive interventions in Nepal. This study aims to assess whether there has been any change in HIV prevalence and risk behaviours, socio-demographics and comprehensive HIV/AIDS knowledge over the past decade (2001-2012) in Nepal, specifically analysing any differences by local epidemic zone and various young key populations.
Methods

Data collection, study design and sample size
Since 1999, so-called Integrated Biological and Behavioral Surveillance (IBBS) surveys have been conducted at regular intervals (every two to three years) among key populations from 16 years of age and above in different HIV epidemic zones of Nepal ( Figure 1 ). The National Centre for AIDS and STD Control (NCASC) has conducted these surveys with technical support from national and international development organizations. The inclusion criteria for IBBS survey participants were defined as per the 'Second Generation Surveillance of HIV in Nepal' guidelines: self-identifying as a PWID (men, at least 16 years of age and injecting drugs for at least three months); MSM/TG (men, at least 16 years of age and having had anal sex with another man in the last 12 months); FSW (women aged 16 years or above reporting to have been paid in cash or kind for sex with a male within the last 6 months); and male labour migrants (men, at least 18 years of age having worked in India for at least three months and returned to Nepal within three years prior to the date of survey).
The IBBS surveys use a standard questionnaire (translated into the local language before data collection) to assess information through face-to-face interviews on a wide range of variables such as sociodemographics, HIV risk behaviours, HIV and STIs testing behaviour and HIV/AIDS knowledge and attitudes. 18 HIV testing has also been conducted among consenting survey participants after the collection of the aforementioned information. 
IBBS survey areas/Local HIV epidemic zones
The IBBS survey areas are divided into three main parts: valley, hills and Terai highway ( Figure 2) . Kathmandu (the capital city) and Pokhara valley are the major tourist areas of Nepal where unsafe malemale anal sex, commercial sex and injecting drug use are the major drivers of HIV infection. The Far West hills -the least developed region of Nepal -is another data collection site where around 50%-80% of the households in some communities have at least one family member (mainly male) who works in India. 19 These male migrants often visit sex workers abroad, but the majority seasonally returns home for major festivals or to harvest crops. 19, 20 These male labour migrants are therefore at risk of transferring HIV to low-risk populations, such as to their spouses in Nepal. The Terai highway districts make up a geographically wide southern part of Nepal - 21 RDS surveys have previously been used successfully to recruit and calculate unbiased population estimates of hidden marginalized groups. 22, 23 Changes have been made from RDS to a two-stage cluster sampling to recruit PWID in Terai highway districts because of the violation of one network component assumption of RDS (study participants were not interconnected because they did not cross-recruit other participants from different survey sites). The 2003 and 2005 surveys conducted among PWID in the East and West to Far West Terai highway districts were excluded in our trend analysis because of violation of one of the network component assumptions of RDS. A two-stage cluster sampling was also used for FSW and male labour migrants since they were not as strongly linked to other members in their sub-population as were, for example, MSM/TG and PWID in Kathmandu and Pokhara valley. First, the clusters selected were based on probability proportionate to size, and then, an equal number of survey participants from each selected cluster were randomly chosen to ensure a self-weighted sample of two-stage cluster sampling.
HIV diagnostics
Anonymous and linked rapid tests (Determine HIV 1/2 kits; Uni-Gold HIV 1/2 Kits; and SD Bioline HIV1/2 test kits) were performed to detect HIV antibodies in whole blood (finger-prick samples) or in serum/plasma. Positive test results were followed by an HIV testing strategy II algorithm. Serum samples found to be non-reactive in the first test kit (Determine) were considered to be HIV-negative. Serum samples found to be reactive in both the first (Determine) and the second kit (Unigold) were considered to be positive. Serum samples that were reactive in the first kit and non-reactive in the second kit were confirmed by third test kit (SD Bioline) as tiebreaker test. Qualified counsellors provided individual level pre-test and post-test counselling at the data collection site. Disposable syringes were used to draw 5 ml of blood from each survey respondent. Quality control was assured throughout the survey by sending all positive test results and 10% of all negative test results to the Nepalese National Reference Laboratory for confirmation.
Variables
Individual-level risk factors and socio-demographics. Variables analysed specifically for each risk group include: (a) PWID: age at first injection, frequency of injecting drugs and ever having been admitted to an addiction treatment centre (condom use with different partners was not analysed among PWID in this study); (b) MSM/TG: self-reported sexual orientation, age at starting anal sex and age at starting to practice paid anal sex; (c) FSW: Usual place of solicitation (institutional based-dance bar/massage parlour/cabin restaurant, street, Bhatti -a place where homemade alcohol drinks are served illegally, squatter and home based) and any additional job besides sex work * ; (d) male labour migrants: age at working abroad on labour contracts. Also, education, occupation and income variables were analysed. . PWID: people who inject drugs; MSM/TG: men who have sex with men/transgender; FSW: female sex workers. *Fourteen respondents were excluded from the analysis because one seed was allowed to recruit more than a pre-specified number of respondents.
Risk behaviours
and comprehensive HIV/AIDS knowledge. HIV risk behaviour measures included: (a) PWID: using or sharing needles or syringes (yes/no) that had been used by others in the past one week; (b) MSM/TG, reporting condom use (yes/no) the last time they had anal sex; (c) FSW: reporting condom use (yes/no) in last sex with different type of clients (steady and casual clients) and for (d) male labour migrants reporting condom use (yes/no) the last time they had sexual intercourse with a FSW in Nepal and abroad. Comprehensive HIV/AIDS knowledge was defined in consistent with an HIV/AIDS knowledge indicator of millennium development goals. 24 
Data analysis
RDS-related data were presented and analysed as per the guidelines of the 'Strengthening the Reporting of Observational Studies in Epidemiology for Respondent Driven Sampling Studies (STROBE-RDS)'. 25 Information related to RDS seeds, waves, coupons and sample recruitment homophily of the survey population recruited through RDS is presented in Table S1 . Upper extreme outlier values (75th percentile þ 3 Â interquartile range) of personal network size of MSM/TG were pulled into the value of the upper outlier (75th percentile þ 1.5 Â interquartile range) before computing weights. All the RDS-related estimates were adjusted to represent the structure of the study population which is based on information regarding who recruited whom, and the relative size of the respondent's network using the VolzHeckathorn estimator (RDS II). 26 A Chi square test for trend for two-stage cluster sampling data and likelihood ratio test for RDS data were used to test for trend in proportion. One-way analysis of variance or Kruskal-Wallis test was used to compare changes in mean or median of continuous variables. A p value of less than 0.05 was considered statistically significant. All analyses were performed using RDS Analyst version 0.42 27 and STATA version 13.1 software (Stata Corporation, College Station, TX).
Ethical consent
Before the fieldwork, all of the IBBS survey protocols were approved by the ethical review board of the Nepal Health Research Council. Ethical clearance was renewed every two to three years before conducting surveillance surveys. Witnessed oral informed consent was obtained from all the participants before the interview and the collection of blood samples. All the participants received an incentive of approximately $5 for participating in an IBBS survey.
Results
The results will first be presented in terms of overall trends among each young key population, but then also by epidemic zone (the Valley-Kathmandu valley, Pokhara valley), the Hills (West to Far West) and the Terai Highway (East Terai, West to Far West Terai and the 22 Terai highway districts), since the Nepalese HIV epidemic differs greatly between these regions in terms of the dominating types of key risk populations, the implementation and availability of preventive care and interventions, as well as in HIV prevalence (see Figures 1 and 2 ).
Overall trends
We found a progressive decline in HIV prevalence over the past decade in all of the epidemic zones among young PWID, as well as MSM/TG in the capital city Kathmandu. This trend was most likely due to a parallel increase in safe needle and syringe use and increased condom use ( Figure 3 and Table 1 ). Among FSW, an observed decline in HIV prevalence was also consistent with increased condom use in this key population. Among male labour migrants, HIV prevalence was low throughout the period (2001-2012), but their use of condoms during sexual intercourse increased with FSW abroad while it decreased with Nepalese FSW (Tables 1 and 2 ). The HIV prevalence made a sharp decline among PWID between 2003 and 2012, and this was statistically significant in all the HIV epidemic zones (from 32% to 1% in Kathmandu valley; from 7% to 2% in Pokhara valley; from 20% to 3% in East Terai highway and from 8% to 1% in West to Far West Terai highway; Figure 3) . A detailed analysis of variations in other individual and behavioural factors -e.g. age at starting first injection, injection frequency -is shown in Table S2 .
Young MSM/transgender. There was a marginally significant increase over time (from 35% to 53%, p ¼ 0.084) in the proportion of young MSM/TG with comprehensive HIV/AIDS knowledge over an eight-year period of observation (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) . Among young MSM/TG, condom use at last anal sex with a male sex partner also seemed to increase over time (72% to 80%, p ¼ 0.098), as well as condom use with a regular male partner, non-paid or paid partners, but these trends were not statistically significant. Nonetheless, the HIV prevalence in this group decreased significantly from 6% to 1% (p ¼ 0.005) ( (Table 2) . A detailed analysis of variation in other individual and behavioural factorse.g. place of solicitation, economic vulnerability -is shown in Table S4 .
Discussion
This is the first time that HIV prevalence and risk behaviours among young key populations have been analysed carefully over time in Nepal also taking epidemic zone into account. Our analyses show clear declines in both HIV prevalence and risk behaviours over the past decade and these trends that are more or less consistent across the country. This makes Nepal fairly unique since studies conducted in other both Asian and African countries (Cambodia, Kenya, Pakistan and Thailand) among young key populations have found opposite trend scenarios, i.e. sustained high levels of risk behaviours, increasing incidence rates and high prevalence of HIV. [28] [29] [30] [31] Young key populations often also practice more than one HIV-related risk behaviour in the aforementioned countries (i.e. MSM/ TG use drugs and sell sex for drugs; drug users also involved in sex work), 1 but such overlapping risk behaviours are not so prevalent in Nepal. The reduction in HIV prevalence (here assumed to also be a good proxy for the incidence rate) among young key populations in Nepal can likely be attributed to a favourable policy environment and high coverage of peer-driven preventive interventions. 16, 32 The new constitution of Nepal highlights the importance of protecting sexual and gender minorities from discrimination, violence and abuse. The reduction in HIV-associated prevalence and risk behaviours can also be partly attributed to the favourable changes in social capital (such as improved literacy).
However, despite an overall positive development in Nepal, there are gaps in HIV program implementation and some worrying trends regarding the high level of risk behaviours among some key populations in certain areas that deserve to be discussed. One issue is the remaining problem of frequent needle/syringe sharing among young PWID in the Terai highway districts. This area shares an open border with India, and cross-border Indo-Nepalese movement of young people to buy illicit drugs is common. Easy access to drugs, possibly sex work and inadequate coverage of needle exchange programs 33,34 despite Nepal's nationwide policy to implement safe needle exchange programs in all epidemic zones, contributes to the problem. The fact that both drug and needle possession is still illegal also makes prevention less accessible to young PWID. 5, 35 We also found an unsatisfying trend in HIV/ AIDS knowledge among young PWID for unclear reasons. One possible explanation is the irregular provision of peer education interventions in the geographically wide southern districts that border India. We fear that past efforts and gains could be undermined as the major funding for HIV prevention activities primarily has been allocated to one epidemic zone, the Terai highway districts. 36 Our findings demonstrate the importance of sustained support for prevention efforts and how important it is that the implementation of HIV prevention activities is more evenly distributed across key populations and across the country.
Among young MSM and TG, the statistically significant declining trend in HIV prevalence was consistent with self-reported improved condom use and thereby Nepal does not follow the worrying pattern in many other countries increase where we see a surge in nonuse of condoms among MSM/TG and new infections. 32, 37, 38 This may be due to the massive political and legal movement in Nepal over the past decade, for MSM/TG rights 6 as well as a higher coverage of preventive interventions among MSM and TG compared to nearby countries with serious HIV epidemics in these key populations, e.g. Thailand. 32 That said, many MSM and TG people face grave consequences of human rights abuse, e.g. violence, discrimination and rejection in Nepal. 39, 40 Among FSW, the repeated surveillance data analysed in this study found that the uptake of peerdriven interventions is high (!80%) in all epidemic zones [41] [42] [43] and possibly associated with the overall decline in both non-use of condoms and HIV prevalence among young FSW. However, we also found that the weekly income from sex work increased over time ($30-45) , while the proportion of young FSW with additional jobs besides sex work decreased, increasing their vulnerability and economic dependency on sex work. This in turn could influence sex workers' condom negotiation power, because client refusals may have immediate consequences on daily earnings. An Indian study found that FSW with another source of income apart from sex work are more likely to refuse unprotected sex and more successful in negotiating condom use with their clients reducing their vulnerability. 44 Thus, future social interventions that encourage young women to get an education or strengthen other work skills would probably be very beneficial also in Nepal. Another major obstacle for effective HIV prevention among FSW is police harassment. Since soliciting sex is illegal in Nepal, FSW are often arrested for condom possession and peer educators and outreach workers among FSW are also frequently harassed or detained by the police. 45 In Nepal, FSW frequently change places to solicit clients or their style of work in response to police raids, making them harder to reach regarding prevention and protection. The prevalence of HIV and STIs varies widely among sex workers depending on where they work, such as in the street, at home or in a commercial establishment such as a bar and massage parlor. 46, 47 The 2011 surveillance survey in Kathmandu valley found that the HIV prevalence was four times higher among FSW who worked on the street as compared to establishment-based sex workers. 42 Reducing police harassment of sex workers and understanding changes in the typical place of solicitation over time are thus also vital for adapting HIV prevention efforts to the needs of sex workers.
Among young male labour migrants, both risk behaviours and the prevalence of HIV were low in comparison to other young key populations. In the early years of the HIV epidemic, the prevalence among labour migrants who returned to Nepal via Mumbai in India was higher. 49 Watching their peers and spouses die from AIDS, also called 'the Mumbai disease', may have influenced migrants to protect themselves abroad. The positive change in condom use among Nepalese labour migrants who cross the border could also be attributed to the rapid expansion of preventive interventions among FSW in India. 50 However, on average they know less about HIV/AIDS in comparison to other young key populations, and their tendency to not use condoms with FSW in Nepal has increased over time, a potentially serious public health problem, since migrants may spread HIV to lower-risk populations (wives and girlfriends). The reason could be that the labour migrants do not think they are at risk of HIV when they have sex with Nepalese FSW as found in a meta-analysis of 97 studies that low perceived HIV risk is a key determinant of HIV infection among labour migrants. 51 Also, the mean age when starting work abroad has declined significantly over time. Poor economic conditions, meagre employment opportunities at home and armed conflict in Nepal may have influenced young people from rural areas to migrate at even younger ages. 48 To make HIV prevention programs more effective, more evidence is needed the dynamics of labour migration to design services that suit their mobile lifestyle.
It is interesting to reflect over the sharp reduction in HIV prevalence and risk behaviours among young key population, given the recent political turmoil in Nepal is striking. Over the past decade, the country has faced much political transition. In 2006, the Maoist rebellions accepted to be part of the peace process after decadelong armed conflict (1996-2006) and Nepal transitioned from being a monarchy to become a federal republic in 2008. In parallel with these transitions, the country managed to adopt a sector-wide approach to pooled funding in health already in 2004, as well as a country coordination mechanism including a team of government, civil society and other partner organizations to successfully manage HIV-related funding. 15 A strong civil society has been crucial for Nepal's success by putting pressure on both the government and bilateral/multilateral agencies to restart closed or nonfunctioning HIV/AIDS-related programs. For instance, about the active lobbying from community organizations representing drug users, compelled the government to restart methadone maintenance programs that had been shut down. 52 The Ministries of Health and Home Affairs also demonstrated effective leadership and ownership by formulating the National Drug Control Strategies to prioritize harm reduction measures for minimizing HIV infections among drug users and their families. The resumed opioid substitution programs show how client-friendly services related to HIV prevention can be implemented through partnership between civil societies, clients/key populations and government even in the midst of political turbulence, 52 and research shows that community-driven programs are effective in reducing risky practices among key populations. 53, 54 In Nepal, community organizations normally act either by putting pressure on the government and donor policies to prioritize different HIV-related services or they take on a more active role in the implementation of peerdriven interventions. The aforementioned efforts may have influenced the mediators (social influence and support, service utilization), ultimately influencing intermediate (increase condom use, decrease number of partners and safe needles/syringe use) and long-term outcomes (decreased HIV transmission rates, decreased HIV morbidity and mortality) at population level. The lesson learnt from Nepal is that public leadership and proactive grass-root groups are key drivers to promote change and to enhance HIV prevention efforts also in an unstable political context and in fragile health systems.
The advantage of our study is that the HIV prevalence among young people is a good estimate of recent HIV infections (incidence) because the onset of HIV risk behaviours is recent, and their HIV-related mortality is low. 7 Self-reported risk behaviour, however, is often prone to social desirability bias, although this was minimized by the non-collection of personal identifiers and the fact that all interviews were anonymous interviews. The parallel collection of both biological and behavioural data also limited the risk of social desirability bias on observed trends, and any bias is likely to have influenced survey participants in a similar way in the different rounds of the IBBS surveys given that the same data collection methods were used (face-to-face interview). RDS has been used to recruit hidden populations (MSM/TG, PWID) in HIV biological and behavioural surveillance surveys across the world, 22 and in some cases, RDS reached only a subset of the study population. In Nepal, a strategy to minimize RDSrelated limitations in serial cross-sectional surveys was used including the following components: (a) the survey were conducted in a well-defined geographical area, (b) an appropriate design effect was used adjusted for sample size (i.e. 2), (c) seed characteristics were consistent with baseline surveys and (d) no major environmental changes were reported during the survey periods. 55, 56 It has been reported that the natural course of an HIV epidemic, changes in sampling technique and HIV testing methods may also affect observed trends in HIV infections and risk behaviours. In the beginning of an HIV epidemic, individuals with high-risk behaviours tend to become infected rapidly, and new infections outweigh mortality due to the chronic nature of infection and the average slow progression rate from HIV to AIDS. 7 As the epidemic progresses, HIV incidence declines due to low-risk behaviours among remaining susceptible individuals despite a lack of preventive interventions. However, no major effects of the natural course of the HIV epidemic is expected in Nepal since young people in this study period are from different birth cohorts compared to those young people infected in the early years of the epidemic as also pointed out by The International group on analysis of trends in HIV prevalence and behaviours in young people. 7 The HIV testing strategy and sampling technique did not change between IBBS surveys, and the lab results were also confirmed through external quality assurance after completion of data collection. It is very unlikely that the observed trends can be influenced by any changes in quality in ascertainment of HIV serostatus and sampling technique. Considering the availability of a large number of surveillance surveys and other independent studies, future research should try to estimate the effect size of past interventions on HIV risk behaviours among young key populations in Nepal using standard meta-analytical methods.
In conclusion, the observed decline in HIV prevalence over the past decade among young key populations in Nepal is most likely due to a real change in terms of safer behaviours. However, prevailing highrisk behaviours in certain subgroups, an uneven distribution of funding, peer education and harm reduction, police harassment against sex workers and reduced condom use among young labour migrants are a cause of concern. Making sure that civil society organizations remain key partners for the Nepalese government and that behavioural and health systems interventions are sustained over time and reach all those in need in different epidemic zones are priority actions to mitigate the future course of HIV epidemic among young key populations in Nepal. Continued surveillance is also essential to predict any shift in transmission patterns and to adapt HIV prevention efforts according to local needs.
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